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T o allocate healthcare resources in an efficient way, policy makers require information on the costs and outcomes of competing healthcare interventions. 1 However, published information on the costs of health services is often not available or is of poor quality. 2 To address this problem, some Western European countries (Finland, the Netherlands, Portugal, Denmark, and France) have moved toward the statutory use of economic evaluation in decision-making which requires information on costs and outcomes to be presented to assess whether particular interventions should be publicly funded. 3 This issue is pertinent for stroke care where, apart from aspirin for ischemic stroke, no acute pharmaceutical intervention has been shown to be effective for the majority of patients, 4 and yet high costs are incurred in managing the disease. 5 There is considerable variation in the process of stroke care and associated outcomes across Europe, 6 -8 but little is known about the costs associated with the different ways of delivering care. A recent review 9 found that previous studies have generally assessed the costs of care using routine data sets, which were not sufficiently detailed to present information on the resource use, total costs, and survival associated with different models of stroke care.
This study uses a detailed costing methodology to compare the resource use, total costs, and survival associated with providing stroke care in different European settings.
Methods
The settings and methods used in this study have been previously described. 6, 10 Briefly, 13 centers in 10 different European countries were included in the study (Almada, Portugal; Menorca, Spain; Florence, Italy; Dijon, France; Copenhagen, Denmark; Kuopio, Finland; Turku [A and B], Finland; London, United Kingdom; Warsaw, Poland; Kaunas [A and B], Lithuania; and Riga, Latvia).
The participating hospitals were not intended to be representative of the stroke care in the particular country but to give examples of the different ways in which stroke care may be provided across Europe. All the centers took patients as direct admissions, did not use a triage system for selecting cases, and provided routine acute care to the local community. These particular centers were selected because they had the necessary research resources to collect the data required by this study.
Inclusion and Exclusion Criteria
All patients admitted to hospital with a first-ever stroke, defined by the WHO criteria, 11 were prospectively recruited to the study. Patients who had a subarachnoid hemorrhage were excluded, as were 31 patients who refused consent to participate in the study. The characteristics of the participants were similar to those of the nonparticipants. 12 Patients were excluded from the main analysis if they were missing the case-mix data needed for the regression analyses.
Data Collection
Hospital-based stroke registers were established for 1 year during 1996 to 1997 (9 centers) and 1998 (3 Finnish centers). For the Copenhagen center, patients were recruited for 2 years from the Hvidorve Hospital Stroke Database (1994 Database ( to 1995 . Designated investigators at each center completed standard forms to record baseline information. 8 Data were collected on patient characteristics (sex, age, prestroke living conditions), stroke severity measures (level of consciousness at the time of maximum impairment [subsequently dichotomized into coma or noncoma], continence during the first week after stroke, dysphasia, paralysis at hospital admission), stroke subtype (cerebral infarction, intracerebral hemorrhage, or unspecified stroke), and risk factors (prestroke hypertension, previous myocardial infarction).
Resource Use
The use of hospital and community services was recorded for 3 months after stroke. The use of diagnostic investigations was recorded for each patient from medical records. The length of hospital stay, by ward type (intensive care unit, neurology unit, dedicated stroke-specific unit, or general medical ward), was also recorded for each patient. The total length of stay was calculated by summing the length of stay in each hospital. Each ward type was categorized according to whether care provided met the definition for organized stroke care. In particular, the level of training and education for different members of staff, the extent to which multidisciplinary teamwork was practiced, and whether care was led by a clinician with a particular interest in stroke were recorded during interviews with staff at each center. 13 One investigator (R.G.) visited the centers and used a semistructured questionnaire to record the available staff time (doctors, nurses, therapists) per occupied bed-day on the wards where stroke patients were treated. The total staff time for each patient's hospital stay was calculated by multiplying the length of total hospital stay by the staff time per occupied bed-day.
The use of outpatient and community services (hospital clinics, therapy, primary care physician visits, home care, nursing and residential homes), was recorded from interviews with the patients and their carers at 3 months after stroke.
Cost Measurement
A standard method, 12 which incorporated general guidelines on measuring costs in economic evaluation, 13 was used to collect unit costs at hospital and community service providers in all the centers. Each patient's use of resources was multiplied by the local unit costs to give a total cost per patient.
To measure the cost of hospital staff, the costs per hour of employing each grade of staff working on the relevant wards were required. These costs were calculated by dividing the total annual cost of employing the relevant midgrade health professional (which included the salary, overtime, and employers' National Insurance contributions) by the total number of hours worked. The costs per hour were then multiplied by the average available time per occupied bed-day for each category of staff on each ward. Costs were then summed across the relevant grades and categories of staff (doctors, nurses, and therapists) to give a total staffing cost per occupied bed-day for each hospital ward. This method allowed the costs per occupied bed-day to reflect the different intensities of staffing input available on the various wards (eg, the staffing costs of intensive care units were higher than those of general medical wards). The costs per occupied bed-day of consumables, drugs, and overheads were calculated by dividing the total annual expenditure in each department by the total number of occupied bed-days. These costs were added to the staffing costs to give a total cost per occupied bed-day (or per diem cost) for the relevant hospital wards at each center.
The unit cost of investigations was taken from the price charged by the relevant department to another healthcare provider. The investigation costs were calculated by multiplying each patient's use of investigations by the unit cost. The total hospitalization costs were calculated by multiplying the length of stay on each ward by the appropriate cost per occupied bed-day and then adding to this the total cost of investigations.
For outpatient, community, and institutional care, interviews were undertaken with a range of providers at each center to derive the average cost of care. The median cost of the item concerned was used for the unit cost, which was then multiplied by the level of service use to give the total cost of the services provided.
Total costs per patient were the sum of the hospitalization, outpatient, community, and institutional care costs. All costs were adjusted to a 1998 price base by using price indices. 14, 15 To adjust for price differences between the respective economies, costs were converted from local currencies into US dollars by using the purchasing power parity (PPP) index. 14, 15 
Outcome Measurement
The primary outcome measure was survival following stroke. Information on whether the patient died and the date of death were obtained from death certificates, medical records, and national registers. Survival time was calculated by subtracting the date of stroke from the date of death.
Functional status was measured using the Barthel Index 16 (recorded on a scale from 0 to 20), assessed by face-to-face or telephone interview at 3 months after stroke. The scale was dichotomized into functionally independent (Barthel Index score of 20) or functionally dependent (Barthel score Ͻ20).
Statistical and Sensitivity Analysis
Differences between the centers in case mix were tested using the 2 test for categorical and the Kruskal-Wallis test for continuous variables. Multiple linear regression was used to compare the total costs of care across the centers adjusting for case mix, and the coefficients were used to predict the mean adjusted total costs in each center. In the sensitivity analysis, the impact of between-center differences in unit costs was examined by using the unit costs from the center with the median per diem costs (Dijon) to calculate total costs (measured in US$/PPP).
Cox regression analysis compared survival between the centers adjusting for case-mix differences (age, sex, stroke subtype, level of consciousness, incontinence, dysphasia, and paralysis). Interaction effects were not significant and were excluded from the final model. In the sensitivity analysis, a Cox regression model compared survival between the centers, adjusting for age, sex, and stroke subtype. This model was run on the analysis sample and the full patient sample to investigate the effect of excluding the cases with missing data. Finally, various Cox regression models were formulated that included risk factors (previous myocardial infarction, prestroke hypertension) and additional patient characteristics (prestroke living conditions) to test the sensitivity of the results to the choice of variables used in the case-mix adjustment.
Results
A total of 1981 patients were registered, of whom 134 were missing key case-mix variables and were excluded from the main analysis. The patient and case-mix characteristics of the 1847 patients included are shown in Table 1 . There were significant differences between the centers in patient characteristics, stroke severity, stroke subtype, and risk factors (PϽ0.001 for all variables).
The different models of care that existed across the centers were exemplified by the within-hospital resource use variation ( Table 2 ). The mean total duration of hospitalization ranged from 8.3 days in Menorca to 36.8 days in Turku B.
There were also differences in the organization of care. The centers in Almada and Menorca provided care mainly on general medical wards, which did not meet the criteria for organized stroke care. In the other Western European centers, organized stroke care was provided on neurology wards (Dijon, Kuopio, and Turku A), dedicated acute stroke units (Florence and Copenhagen), general medical wards (Turku B), elderly care wards, and rehabilitation stroke units (London), and in rehabilitation hospitals (Florence, Dijon, Kuopio, and Turku A and B). The majority of patients in the Eastern European centers did not receive organized stroke care, apart from those admitted to the stroke unit in Warsaw (51%) or those transferred to the rehabilitation hospitals in Kaunas (33% in Kaunas A, 23% in Kaunas B).
Differences in staff input (Table 2 ) illustrated the variation in the intensity of care provided. For example, the input from doctors at the Copenhagen center was higher than in London over a similar length of stay. In addition, the type of staff input varied between the centers. For example, nursing input at the stroke unit in Florence was provided entirely by fully qualified nurses whereas on the stroke unit in London, 40% of the nurses had only received a basic level of training. The use of investigations varied between the centers; the mean number of CT scans was highest in the centers in Dijon and Turku A, where care was led by neurologists.
In the Eastern European centers, patients were usually admitted to a neurology ward, where the inputs available from nurses and therapists were generally lower than in the neurological units in Western European.
A total of 90 cases were lost to follow-up at 3 months (Table 3) , a dropout rate of Ͻ8% in all the centers except Riga. The remaining results are shown for the 1757 cases with complete follow-up data. The mean use of residential and nursing homes was very low in Eastern Europe and highest in the Turku B center, where there was also a higher proportion of disabled stroke survivors. Patients from the centers in Almada and Menorca generally had a level of Nursing 
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community service use similar to those in other Western European centers, where patients stayed in hospital longer. The low availability of community and outpatient services was noticeable in Eastern Europe, and generally few patients had access to occupational and speech therapists after discharge. The costs of a hospital day (Table 4) varied widely between Eastern and Western Europe, partly reflecting differences in labor costs. For example, the cost per hour of a specialist doctor was $10.01 in Warsaw compared with $29.36 in Copenhagen after PPP adjustment. Cost differences within Western Europe were more likely to reflect the relative intensity of care provided: for example, the dedicated stroke unit in Florence had a higher input from doctors and qualified nurses than the one in London.
The differences in the mean total costs (Figure) reflected the variation in the lengths of hospital stay, with those centers with an average stay of Ͼ30 days also having the highest costs. While the costs of hospitalization were the largest cost component, in certain centers the costs of outpatient care (Turku A, Almada, and Kuopio) and community care (Dijon and Copenhagen) were also important.
In the baseline analysis, the centers with the lowest mean predicted costs were Riga ($466), Kaunas A ($1517), Kaunas B ($2241), and Menorca ($2262); the highest mean costs were in London ($7344), Turku A ($7808), and Copenhagen ($8512) ( Table 5) . The extent to which costs varied between the centers was sensitive to the measure of unit costs used. When the unit costs of the Dijon center were applied to all the centers, the range of mean predicted costs was much narrower. However, the centers were generally placed in a similar order: Copenhagen, London, and Turku A were still in the highest quartile of total costs; the only change was that Kaunas B was replaced in the lowest quartile by Kuopio.
Cox regression analysis showed that patients in Riga were the most likely to die, followed by those in Warsaw, Menorca, and London (Table 6 ). The relative probability of patient survival was highest at the centers in Turku, Florence, and Copenhagen. Because Riga was the center with the highest loss to follow-up, the analysis was repeated, with the assumption that all the patients who were lost to follow-up in Riga were alive at 3 months. This did not alter the relative position of the centers nor did changing the reference case. The sensitivity analysis suggested that the results were reasonably robust to the case-mix adjustment made and the inclusion criteria chosen. Running the model on the same number of cases but using only demographic and stroke subtype variables for the case-mix adjustment meant that the Mean total costs in 3 months after stroke in each center (US$/PPP). Total 1757
The baseline analysis uses unit costs from the individual centers; the sensitivity analysis applies unit costs from the Dijon center to all centers.
*Age, sex, stroke subtype, level of consciousness, incontinence, dysphasia, and paralysis.
center in Kuopio had the highest relative probability of patient survival; the ordering of the remaining centers was largely unchanged. Using the above variables but including all the registered cases did not affect the ordering of the centers in the results of the survival analysis. Adjusting for risk factors and prestroke residence meant that the Copenhagen center had the highest survival rate, while the ordering of the other centers was largely unchanged.
Discussion
The aim of this study was to compare the costs and survival of different ways of providing stroke care across Europe. A detailed approach was taken to costing that enabled differences in the processes of care to be described. The study found that the mean total costs of care varied between the centers because of differences in the unit costs and the resources used. The rates of survival also varied between the centers, and our study suggests that to achieve the World Health Organization target of a 1-month case fatality rate of Ͻ20% by 2005, 17 some centers need to deploy resources more effectively.
Methodological Critique
It should be borne in mind that this study is not a costeffectiveness analysis and that certain methodological issues inherent in international comparisons had to be tackled as part of the analysis. The levels of initial stroke severity and stroke subtype varied between the centers, which may partly reflect the differences in admission rates that exist across Europe. 18 -20 In addition, the proportion of hospital patients with undetected strokes may vary between hospitals, partly according to the availability of routine CT or MRI scans. 21 These variations made adjustment for case mix necessary when costs and outcomes were compared between the centers. These case-mix measures were recommended by Davenport et al 22 and have been used previously to compare outcomes after stroke. 8 The sensitivity analysis examined the effect of changing the variables included in the case-mix adjustment and found that that the results were largely unchanged. Despite this, the observational nature of the study means that unmeasured case-mix differences between the centers may explain some of the residual differences in cost and outcome. Although stroke subtype was specified as either cerebral infarction or intracerebral hemorrhage, the Oxford Stroke Project Classification has not been used to classify cerebral infarction. 23 If the proportion of lacunar strokes (low case fatality rate) or total anterior circulatory strokes (high case fatality rate) varied between the centers, this may explain some of the observed differences in mortality. 23 In addition, no standard measure of social class was available across the countries. While the association of social class and poststroke outcome or cost remains unclear, 24 the development of a pan-European measure would assist future studies in this area.
To compare costs across the centers, unit costs were converted from local currencies to US dollars. Rather than converting costs by using exchange rates, which are unlikely to reflect differences in the relative price of resources between countries, the conversion was made using the general PPP index. This index is recommended for comparing costs across countries, as it adjusts for differences in relative prices between economies. 25 However, our analysis showed that even after adjusting for differences in relative prices, there were still large disparities in unit costs between countries, which might explain differences in total costs. The sensitivity analysis tested whether differences in unit costs explained total cost differences by applying unit costs from one center to all centers. The result was that using the same unit costs reduced the magnitude of the total cost differences between countries, but the order of the centers was largely unchanged and reflected differences in physical resource use.
The aim of the study was to provide specific information on the costs and outcomes of different ways of providing stroke care. To address this issue, centers were chosen across 10 European countries. The aim of the study was not to provide information on the national average cost of stroke care, which would have required many centers to be recruited in each country. The analysis illustrated that costs and survival time vary widely between patients within centers, which explains the wide confidence intervals around the regression coefficients. These confidence intervals overlapped between the individual centers, so the results of the regression analyses were presented with centers grouped in quartiles rather than according to their specific positions.
The centers in Riga, Menorca, and Kaunas had low total costs. Lengths of stay in the acute hospital were relatively short, with care being provided on general medical or neurology wards. Stroke care was characterized by low inputs from therapists and nurses, and apart from the rehabilitation hospitals in Kaunas, care provision did not meet the criteria for organized stroke care. The centers in Riga and Menorca were in the quartile of centers with the lowest survival rate, which may reflect the short hospitalizations and the lack of organized stroke care in these settings.
The centers in Warsaw, Almada, and Kuopio generally made more intensive use of resources, although the duration of hospitalization was still only moderate. The Kuopio center had organized stroke care available in both the acute and rehabilitation centers and had higher rates of survival than the other 2 centers, which had similar costs.
The centers in Turku, Copenhagen, Florence, and Dijon generally had higher total costs. This reflected higher unit costs but also longer total lengths of stay and a generally moderate to high use of health professionals' time and investigations. In each of these settings, organized stroke care was available in the acute setting on a neurology unit (Dijon, Copenhagen, and Turku A), a dedicated stroke unit (Copenhagen and Florence) or a general medical ward (Turku B). During the acute phase, specialist doctors, mainly neurologists, provided a high input, which may enable more intensive patient monitoring and assist in the detection of poststroke complications. 26 Organized stroke care was also generally available in rehabilitation hospitals. Each of these centers had moderate to high levels of nursing and therapy available in the acute and rehabilitation hospitals and were characterized by generally high rates of poststroke survival.
Any general conclusion that devoting more resources to stroke care improves outcomes should be tempered by the results from the London center, where relatively high cost stroke care was accompanied by high levels of poststroke mortality and dependence. While this study included only 1 UK center, a previous study 8 reported higher mortality rates in 5 UK centers compared with other Western European centers. National surveys 27, 28 have found that stroke services in the UK are poorly organized. This suggests that spending more on stroke services may not necessarily improve outcomes. Instead, the issue to address is how existing resources may be deployed in a more cost-effective way.
In this study, patients in London were admitted to general medical wards, an elderly care unit, or a dedicated rehabilitation stroke unit. Care in the general medical wards would not meet the criteria for organized stroke care, and the literature suggests that providing this nonspecialized stroke care may lead to worse outcomes. 29 General physicians or geriatricians rather than neurologists led care in all the settings. No consensus exists on the optimal specialty to manage stroke patients, 30 and it may be of greater concern that the level of input available from all doctors was much lower in the United Kingdom than most other European centers. A UK survey of hospital consultants recently reported that they felt they had inadequate time available for stroke patients. 27 An additional hypothesis posed by this study is that apart from the level of input, the timing of the input provided by different health professionals is important. In the UK center, for example, while a high average level of input from therapists over the patients' hospitalization was provided, this was not necessarily available during the first 7 days after stroke. In particular, patients admitted to general medical wards had a low rate of access to therapists during the first few days after stroke. Further work is required to assess the optimal level of input from different health professionals at various time points after stroke.
To conclude, this study highlighted variations in costs and outcomes after stroke care between different European settings. The method used illustrated that these variations may partly reflect differences in the overall level of resources available and the way in which those resources are organized. Further research is now required to establish measures of social class and PPP, which can be used in international studies assessing the cost-effectiveness of different ways to organize services.
